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ABSTRACT
The 4-m International Liquid Mirror Telescope (ILMT) will soon become operational at the
newly developed Devasthal observatory near Nainital (Uttarakhand, India). Coupled with a
4k × 4k pixels CCD detector and TDI optical corrector, it will reach approximately 22.8, 22.3,
and 21.4 mag in the g′, r′, and i′ spectral bands, respectively, in a single scan. The limiting
magnitudes can be further improved by co-adding the consecutive night images in particular
filters. The uniqueness to observe the same sky region by looking towards the zenith direction
every night makes the ILMT a unique instrument to detect new supernovae (SNe) by applying
the image subtraction technique. High cadence (∼24 h) observations will help to construct
dense sampling multi-band SNe light curves. We discuss the importance of the ILMT facility
in the context of SNe studies. Considering the various plausible cosmological parameters and
observational constraints, we perform detailed calculations of the expected SNe rate that can
be detected with the ILMT in different spectral bands.

Key words: instrumentation: miscellaneous – techniques: image processing – telescopes –
supernovae: general.

1 IN T RO D U C T I O N

The new generation large area survey programmes have contributed
with their invaluable data to discover new supernovae (SNe). In or-
der to detect such transients, two different strategies are typically
applied. First is the pointed survey approach where a fixed cat-
alogue of galaxies is independently observed with a cadence of
a few days. In the second method, a specific area of the sky is
surveyed very frequently and transients are identified using the
image subtraction technique. Some important SNe search programs
based on these methods are: the Lick Observatory Supernova Search
(LOSS; Li et al. 2000), the Panoramic Survey Telescope & Rapid
Response System (Pan-STARRS; Kaiser et al. 2002), the Dark En-
ergy Survey (DES; The Dark Energy Survey Collaboration 2005),
the Canada–France–Hawaii Telescope – Legacy Survey (CFHT –
LS; Astier et al. 2006), the Carnegie Supernova Project (CSP;
Hamuy et al. 2006) the Equation of State: SupErNovae trace Cos-
mic Expansion (ESSENCE; Miknaitis et al. 2007; Wood-Vasey et al.
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2007), the Sloan Digital Sky Survey (SDSS; Frieman et al. 2008;
Sako et al. 2008), the Catalina Real-Time Transient Survey (CRTS;
Drake et al. 2009), the Palomar Transient Factory (PTF; Law et al.
2009), the All-Sky Automated Survey for SuperNovae (ASAS-SN;
Shappee et al. 2014), and the upcoming Zwicky Transient Facility
(ZTF; Bellm 2014).

It is notable that despite their great contribution to SN search,
this kind of projects are observationally expensive, requiring many
hours of valuable telescope time to complete, and are also depth
and cadence limited. Furthermore, the majority of them do not
perform observations of the same strip of sky on a regular basis ev-
ery night (however, see ASAS-SN survey, http://www.astronomy.
ohio-state.edu/asassn/index.shtml). The unconventional Liquid
Mirror Telescopes (LMTs; Borra et al. 1985, 1992b; Hickson, Gib-
son & Hogg 1993) may provide a unique way to overcome some of
these issues in a certain fashion. For SNe studies, LMT observations
are useful over the generic facilities in several aspects:

(i) Unbiased imaging: Most nearby SNe are discovered by re-
peated imaging of catalogued galaxies (Filippenko et al. 2001),
which introduces a possible bias towards metal-rich galaxies.
Though ongoing ASAS-SN survey like programs have improved
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the situation and much is expected with the upcoming ZTF facility.
Moreover, a LMT will image the same strip of sky passing over it
without any selection bias.

(ii) Inexpensive technology: The cost of constructing a moderate
aperture telescope (4-m diameter) is roughly 1/50 that of a conven-
tional telescope of the same class (Borra 2001a, 2003).

(iii) Continuous data flow: There will be no loss of precious
observing time because a LMT will observe continuously during
the nights except for bad weather or technical problems and produce
a large amount of scientific data using the sky light.

(iv) Easy image pre-processing: Unlike conventional imaging,
here image pre-processing is comparatively easier. For example,
the image reduction is performed by dividing each column by a
one-dimensional flat-field. That can be achieved directly from the
scientific data.

(v) Deeper imaging: Since each night the same sky strip will be
captured by the telescope, we can co-add the consecutive night data
to produce deeper images.

Different sized LMTs have already been built and operated by
several groups (for example; Borra et al. 1989; Hickson et al. 1994)
and the 6-m diameter Large Zenith Telescope (Hickson et al. 2007)
was the largest one in its class. The scientific contributions of these
facilities were mainly limited due to the lack of an appropriate
TDI corrector and/or large CCD camera and/or location (cf. poor
sky conditions). Therefore, a full time LMT entirely dedicated to
astronomical observations was proposed and the idea of building
the International Liquid Mirror Telescope (ILMT1) was born. SNe-
related study is one of the major scientific interests behind the ILMT
project (Surdej et al. 2006).

A link between the star formation history and the cosmic SN rate
has been an open question. It is generally believed that Type Ia SNe
originate from the intermediate mass (3 – 8 M�) and both young
and old population stars (Wang & Han 2012; Maoz, Mannucci
& Nelemans 2014, for recent reviews). Such explosions are sup-
posed to be the consequences of thermonuclear disruptions when
a carbon–oxygen white dwarf reaches the critical Chandrasekhar
mass limit (�1.4 M�; Chandrasekhar 1931) by accreting matter
from its evolving binary companion (Hoyle & Fowler 1960; Whe-
lan & Iben 1973; Woosley, Taam & Weaver 1986; Hillebrandt &
Niemeyer 2000). The observational features of these events show
homogeneity and due to their high luminosity near the maximum
light, they are detectable at high redshift (Filippenko 2005). Type Ia
SNe are considered to be reliable standard candles (Branch & Tam-
mann 1992; Phillips 1993) and play an important role to constrain
the geometry of the Universe (e.g. Riess et al. 1998; Perlmutter et al.
1999; Riess et al. 2007).

Contrary to the progenitors of Type Ia SNe, massive stars (M ≥
8 M�) follow a different evolutionary path (e.g. Branch, Nomoto
& Filippenko 1991; Heger et al. 2003; Smartt 2009; Langer 2012).
At the final stage when their nuclear fuel is exhausted, the gravita-
tional collapse of the stellar core triggers into a catastrophic death
that appears in the form of a core-collapse supernova (CCSN). The
spectro-photometric features led to classify them in several types (cf.
IIP, IIL, IIn, IIb, Ib, Ic, and Ic-BL; see Minkowski 1941; Filippenko
1997, for a review). CCSNe show diverse observational properties.
For example, their absolute magnitude distribution peaks roughly
1.5 mag fainter than SN Ia and covers a range of more than 5 mag
(Richardson et al. 2002; Richardson, Branch & Baron 2006). Sim-

1 http://www.ilmt.ulg.ac.be

ilarly, a wide dispersion is seen in the ejecta mass, kinetic energy,
radiated energy, and the amount of synthesized radioactive materials
created in the explosion. This indicates that possibly different phys-
ical mechanisms play an important role during the evolution phases
of the progenitors such as stellar wind (Puls, Vink & Najarro 2008),
mass transfer in a binary system (Wheeler & Levreault 1985; Pod-
siadlowski, Joss & Hsu 1992; Yoon, Woosley & Langer 2010; Sana
et al. 2012), mass loss (Smith & Owocki 2006; Smith 2014), etc.

Along with astrophysical and cosmological implications, SNe are
also primarily responsible for the chemical enrichment of galaxies
through their heavy elements and dust (e.g. Matteucci & Greggio
1986; Todini & Ferrara 2001; Bianchi & Schneider 2007). Further-
more, the expanding shock waves produced during the explosion
sweep, compress, and heat the surrounding interstellar medium that
finally triggers the star formation process (e.g. Herbst & Assousa
1977; Elmegreen 1998, and references therein). Unbiased and large
sample studies of SNe may provide answers to some of the un-
derlying questions related to the star formation history, progenitor
evolution scenario, and parameters causing the diversity in their
observed properties. In this context the ILMT deep imaging sur-
vey along with complementary observations from other existing
observational facilities will be advantageous.

2 T H E I L M T P RO J E C T

The ILMT project is a scientific collaboration between four coun-
tries: Belgium, India, Canada, and Poland. The main participating
institutions are: the Liège Institute of Astrophysics and Geophysics
(University of Liège, Belgium), the Aryabhatta Research Institute
of Observational Sciences (ARIES, India), the Royal Observatory
of Belgium, several Canadian universities (British Columbia, Laval,
Montréal, Toronto, Victoria, and York) and the Observatory of
Poznań (Poland). The AMOS (Advanced Mechanical and Optical
Systems) company in Belgium has participated in the manufactur-
ing of the telescope.

The ILMT is being installed at the Devasthal (meaning ‘Abode
of God’) mountain peak, in the central Himalayan range in India.
This is a newly developed observatory under ARIES. A panoramic
view of the site is illustrated in Fig. 1. The Devasthal observatory
is situated at an altitude of ∼2450 m, with longitude 79◦ 41′ 04′′

East and latitude +29◦ 21′ 40′′ (cf. Sagar et al. 2011, 2012). It is
important to highlight that in view of the site advantages, apart from
the upcoming 4-m ILMT, the other existing astronomical observing
facilities at Devasthal are the 1.3-m DFOT2 and 3.6-m DOT.3 Major
scientific perspectives on these telescopes can be found in Sagar
(2016, and references therein).

A sketch of the ILMT structure is shown in Fig. 1 (right panel). It
consists of three major parts, namely the air bearing, the container,
and the vertical structure which will hold the corrector and CCD
camera. The primary mirror is a 4-m diameter epoxy-carbon-fibre
structure that has a smooth parabolic upper surface produced by
spin casting (Magette 2010; Kumar 2014; see Fig. 2). The dish
will support a thin layer (approximately 2 – 3 mm thick) of liquid
mercury that will produce the reflecting surface. When the mirror is
rotated uniformly about its vertical axis, the combination of gravity
and centrifugal force will produce an equilibrium surface that is
parabolic to high accuracy. A detailed explanation can be found
in Borra (1982). Although mercury vapour is harmful, it is greatly

2 Devasthal Fast Optical Telescope.
3 Devasthal Optical Telescope.
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Supernova studies with the ILMT 2077

Figure 1. Left panel: Panoramic view of the ILMT site. The 1.3-m DFOT and the 4-m ILMT are in the middle and right sides, respectively, in this image.
Right panel: Major components of the ILMT. Here, the container is grey, the air bearing is red, the three-point mount (white) sits below the air bearing, and the
vertical steel frames (white) hold the corrector and the CCD camera at the top. The tentative size and other parameters of the telescope are listed in Table 1.
Note the nice view on the Himalayan chain in the background of the left photograph.

Figure 2. Fish eye view of the present status of the ILMT. To protect from
the dust, the air bearing and the three-point mount are covered with a wooden
box (blue colour). Four safety pillars (yellow colour) are also visible near
the parabolic container to prevent any mercury spill.

suppressed by a thin transparent layer of oxide that forms soon after
emplacement. Moreover, a thin film of mylar,4 co-rotating with the
mirror, will contain any remaining vapour. This film is required to
prevent vortices, produced in the boundary layer above the mirror
due to its rotation, from disturbing the liquid surface.

The ILMT is a zenithal rotating telescope. It cannot track stellar
objects like conventional glass mirror telescopes. Therefore, images
are secured by electronically stepping the relevant CCD charges.
The transfer rate is kept similar as the target drifts across the detector
(i.e. equal to the observatory sidereal rate). This specific technique
is known as the Time Delayed Integration (TDI) or drift-scanning
(see Gibson & Hickson 1992, and references therein). Advantages
of the TDI mode of observations can be found in Kumar (2014, and
references therein). Because the primary mirror is parabolic, a glass
corrector will be used to obtain a good image quality over a field of
view (FOV) of 27 arcmin in diameter including TDI correction (see
Hickson & Richardson 1998; Vangeyte, Manfroid & Surdej 2002).
A CCD detector (4096 × 4096 pixels) manufactured by ‘Spectral
Instruments’ will be positioned at the prime focus, located about 8 m
above the mirror. The ILMT observations will be mainly performed
with the i′ filter (although there are additional filters g′ and r′). This
will be advantageous for a maximum number of nights because
the spectral range covered by the i′ filter is less sensitive to the
bright phases of the moon. Initially, the ILMT project will be for
5 years, which will allow us to collect a large sample of stellar
objects including transients. More detailed information about its
instruments and science cases can be found elsewhere (e.g. Surdej
et al. 2006, 2018; Magette 2010; Poels et al. 2012; Finet 2013;
Kumar 2014; Kumar et al. 2015, 2018, and references therein).

During the last few years, several experiments have been per-
formed to sort out technical difficulties related to the ILMT. In con-
tinuation of such activities we have also performed TDI mode obser-
vations from the Devasthal observatory using the 1.3m DFOT. These

4 It is a scientific grade polyester film (thickness < 12 µm). Optical quality
tests of such films for the LMTs are discussed in Borra et al. (1992a) and
Hickson & Racine (2007).
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images have been used to test the ILMT data reduction pipeline and
preliminary results are presented in Pradhan et al. (2018). The in-
stallation process of the telescope began in 2017 March and is now
in its final stage. The metallic structure (to hold the CCD camera
and corrector), safety pillars, air bearing are already erected. To en-
sure optimal and very safe operation of the air bearing two parallel
air supply systems have been installed. In addition, several compo-
nents/instruments like pneumatic valves, air dryers, air filters, and
sensors (pressure, temperature, humidity, and dew-point) are also
installed. First light of the ILMT is expected before the beginning
of the 2018 Monsoon season. For the present status of the ILMT
project, see Surdej et al. (2018). A fish eye view of the installation
is shown in Fig. 2.

3 IL M T L I M I T I N G M AG N I T U D E S A N D
ACCESSIBLE SKY AREA

The scientific performance of an instrument depends on the max-
imization of its throughput. Considering various parameters (e.g.
transmission coefficients from the mirrors, filters, CCD glass, sky,
extinction, and quantum efficiency of the CCD chip), the expected
counts (Ne) from a star of certain magnitude (m) can be estimated
using the following formula (McLean 1989; Mayya 1991).

Ne = 3.95 × 1011D2λn�λnF
n
0 10−0.4mAFη, (1)

where D is the diameter of the telescope, λn and �λn are the effective
wavelength and bandwidth of the filters, F n

0 is the flux density (per
wavelength) from a star of magnitude 0 at the wavelength λn above
the Earth atmosphere, AF is the fractional reflecting area of the
mirror surface, and η is the efficiency of the system (mirror + filter
+ CCD).

Assuming that each optical photon is capable of producing a
corresponding photo-electron, the full well capacity of the required
CCD pixel could be estimated by assuming a certain integration
time for a star with a known brightness. Furthermore, if the sky
brightness is known for a given CCD, we can also calculate the sky
counts and the underlying noise.

N =
√

(Neet + Seetnp + Dcetnp + R2
nnp). (2)

Here, Ne indicates the number of electrons (per second), et the
exposure time (s), Se the sky brightness (in electrons), np the number
of pixels in the image of the observed star, Dc the dark current
(e−/pixel/s), and Rn the read out noise.

The signal-to-noise ratio (SNR) can also be calculated for stars
with different brightness (McLean 1989).

SNR =
(

Ne × et

N

)
. (3)

The CCD readout noise is Gaussian while the star counts, dark
counts are Poisson in nature. The aperture to calculate the star light
is considered as circular. For the present calculations, the FWHM
is considered as 1.5 arcsec, nearly equal to the median seeing at
Devasthal. The optimal aperture is considered to be 1 × FWHM
(see Howell 1989, 2000). We can also estimate the corresponding
error in the magnitude estimation by knowing the value of the SNR
(Deep et al. 2011)

σmag = 2.5 × log10[1 + 1/SNR]. (4)

We have estimated the limiting magnitudes of the ILMT for
different filters (g′, r′, and i′) using the above equations. The various
parameters used for these estimations are listed in Table 1. The

Table 1. Different parameters used to calculate the ILMT limiting magni-
tude. See also Finet (2013).

Parameters value

Diameter 4.0 m
Fraction of reflecting area 0.95
Reflectivity 0.77
Mylar transmission 0.80
Corrector transmission 0.85
FWHM 1.5 arcsec
CCD pixel size 0.33 arcsec pixel−1

CCD dark noise 0.00083 e− pixel−1 s−1

CCD readout noise 5.0 e−
CCD gain 4.0 e−/ADU
Wavelength (g′, r′, i′) 4750, 6250, 7630 Å
Wavelength FWHM (g′, r′, i′) 1450, 1500, 1500 Å
Extinction (∼g′, ∼ r′, ∼ i′) 0.21, 0.13, 0.08 mag
Sky mag (∼g′, ∼ r′, ∼ i′) 21.3, 20.5, 18.9 mag arcsec−2

CCD quantum efficiency (g′, r′, i′) 0.70, 0.91, 0.91
Filter transmission (g′, r′, i′) 0.92, 0.95, 0.95
System efficiency, η (g′, r′, i′) 0.55, 0.74, 0.74

Figure 3. The ILMT limiting magnitudes for the g′, r′, and i′ filters are
shown with different symbols. The X-axis represents the limiting magnitude
and the Y-axis represents the SNR and the corresponding error in magnitude.
The filled and open symbols represent the results for the exposure of a single
scan (102 s) and three scans (306 s), respectively (see Section 3 for details).
The dotted horizontal line is indicative of a SNR of 10 and an uncertainty
of 0.1 mag. Approximately 0.5 mag is gained once we stack images taken
over three nights in any single filter.

limiting magnitudes estimated using the above methods for different
filters are plotted in Fig. 3 with different symbols. It is obvious
from this figure that with an exposure time of 102 s, the limiting
magnitudes are ∼22.8, ∼22.3, and ∼21.4 mag for the g′, r′, and i′

filters, respectively. Furthermore, since during each night the same
strip of sky will pass over the telescope (except for a 4 min shift
in right ascension), successive night images can then be co-added.
This will yield a longer effective integration time. Therefore, we
have also estimated the limiting magnitudes for 306 s (three night
images) exposure time, using the same parameters. The estimated
magnitude limit improves to ∼23.4, ∼22.8, and ∼22.0 mag for the
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g′, r′, and i′ filters, respectively. The co-addition technique is not
limited only for three nights but it can also be applied for several
more night imaging data. Consequently, we may reach very faint
magnitude levels (see also Borra 2001a,b, 2003).

Pointing towards the zenith, the ILMT FOV is centred at the
Devasthal observatory latitude which is 29.◦36 N. The ILMT FOV
is approximately 27 by 27 arcmin2. One can find that the total
accessible sky area with the ILMT will be 141.2 deg2. Out of it
only 1/3 nightly strip (∼47 deg2) can be monitored. At high galactic
latitudes (| b| > 30◦) the detection of fainter and more distant objects
(e.g. SNe, galaxies, quasars...) will be possible (see Surdej et al.
2006; Magette 2010; Finet 2013; Kumar 2014).

4 SU P E R N OVA R AT E A N D I L M T

The astronomical community is deeply interested in understanding
the nature of the different kinds of SNe and their evolution with
redshift. The CCSNe rate is expected to reflect the star-formation
rate, increasing with redshift as (1 + z)β (for z ≈ 0.5) where β is
in the range 2.5 to 3.9 (see Hopkins 2004; Le Floc’h et al. 2005;
Schiminovich et al. 2005; Hopkins & Beacom 2006; Rujopakarn
et al. 2010; Cucciati et al. 2012). The Type Ia SNe rate rise is rather
slow with redshift, ∼(1 + z)β (see Pritchet, Howell & Sullivan 2008;
Perrett et al. 2012, and references therein), where β is 2.11 ± 0.28
up to z ∼1. In order to search for a possible correlation between
the star formation and SN rates in the local universe, several studies
have been performed (see e.g. Dahlen et al. 2004; Neill et al. 2006;
Dilday et al. 2008; Graur et al. 2011; Taylor et al. 2014; Cappellaro
et al. 2015; Botticella et al. 2017, and references therein).

In the framework of SN studies with LMTs, Borra (2001a,b,
2003) has described the cosmological implications of SNe and esti-
mated the number of SNe for a strip of sky using the expected rate of
SNe given in Pain et al. (1996). In the following we have performed
a detailed calculation of the expected number of SN events which
can be detected with the ILMT. We calculate the detection rate for
the core-collapse and Type Ia SNe for all the three proposed bands
of the ILMT (see Figs 4 and 5). For the calculations we follow the
prescription given in Lien & Fields (2009). In the following we
present a brief description of the steps and the quantities involved
in the calculations.

The SN detection rate per unit redshift per unit solid angle in a
filter band x can be expressed as follows:

dNSN,obs,x

dtobsdzd�
= RSN(z) fdetect(z; mSN

lim,x)
r(z)2

1 + z

dr

dz
, (5)

where r(z) is the comoving distance, RSN(z) is the cosmic SN rate
which can be written as

RSN(z) = XSN

〈m〉SN
ρ̇�(z), (6)

where XSN is the fraction of stellar mass which results in SNe

(=∫
SN Mξ (M)dM

/ ∫
M ξ (M)dM), 〈m〉SN is the average SN pro-

genitor mass (=∫
SN M ξ (M)dM

/ ∫
ξ (M)dM), and ρ̇�(z) is the

star formation rate. ξ (M) represents the stellar initial mass function
(IMF). The quantity fdetect(z) is the fraction of SNe which can be
detected by the instrument and it depends on the characteristics of
the instrument and the SN type (i),

fdetect(z) = fdust(z) × 1

N

N∑
i=1

∫ mlim,x

−∞
φi(m, z) dm. (7)

Figure 4. Detection rate of CCSN as a function of redshift. The dashed
(green colour) and dotted (brown colour) curves, respectively, indicate the
cosmic CCSN rate without and with dust extinction consideration. Possible
number of CCSNe to be detected with the ILMT in different bands (g′, r′,
and i′) and for different magnitude limits (cf. stacking of consecutive night
images, see Section 3) is also shown.
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Figure 5. Detection rate of Type Ia SN as a function of redshift. The curves
are similar to those in Fig. 4 but for Type Ia SNe.

i denotes different SN types, for example in case of CCSNe we con-
sidered all four types, Ibc (both Ib and Ic), IIL, IIP, and IIn (i.e. N =
4), whereas for Type Ia SNe, N = 1. The φi(m, z) is the SN luminos-
ity function or the magnitude distribution function which is assumed
to be a normal distribution with the mean magnitude m̃i and vari-
ance σ i, where m̃i = m̃abs

i + 5 log[dL(z)/10 pc] + Kix(z) + ηixB +
A(z); dL(z) is the luminosity distance, Kix(z) is the K-correction, ηixB

is the colour correction, and A(z) is the dust correction (for details
see Lien & Fields 2009).

The K-correction and the colour correction can be computed as
follows:

Kix(z) = 2.5 log(1 + z) + 2.5 log

∫
Fi(λ) Sx(λ)dλ∫

Fi(λ/(1 + z)) Sx(λ)dλ
(8)

ηixB = −2.5 log

∫
Fi(λ) Sx(λ)dλ∫
Fi(λ) SB (λ)dλ

+ zero-point correction. (9)

Here, F(λ) is the intrinsic spectral distribution of the SN, Sx(λ)
and SB(λ) are the response functions of the filter x (ILMT filter
bands) and B (filter band used to estimate the absolute magnitude
distribution), respectively (for more details see Lien & Fields 2009).

We have considered a flat cosmology with �m = 0.31 and
h = 0.68 which are consistent with the recent Planck results (Planck
Collaboration XIII 2016). The absolute magnitude distribution of
the SNe is taken from Richardson et al. (2014) and has been adjusted
for the Hubble parameter value h = 0.68. We also put a conservative
cut-off at 2.5σ in the absolute magnitude distribution as there are
no data available beyond 2.5σ in the sample of Richardson et al.
(2014). We take the same IMF, ρ̇�(z) and the dust correction as
given by Lien & Fields (2009). The progenitor mass range for the
Type Ia SNe is taken to be 3 – 8 M� and for CCSNe it is taken to be
8 – 50 M� (mass range for all four CCSNe types, i.e. Ibc, IIL, IIP,
and IIn). Further, for CCSNe the form F(λ) is taken as the one listed
in Lien & Fields (2009), and for Type Ia SNe we choose F(λ) as a
15000 K blackbody spectrum with cut-off due to UV blanketing at
λ < 4000 Å (Dahlén & Fransson 1999; Foley & Kasen 2011). For
the calculation of magnitude-limited detection rate we have used
the expected magnitude limits (mlim,x) for the ILMT in the different
spectral bands (see Section 3).

In Figs 4 and 5, the dotted-brown and the dashed-green lines show
the cosmic SN rate with and without dust correction, respectively.
The solid-red lines correspond to the expected magnitude-limited
SN detection rate observed with the ILMT. The set of three mag-
nitude limits, respectively, correspond to one, three, and six night
integration time (see Section 3).

The cut-off in the absolute magnitude distribution has a very
strong effect on the high-redshift cut-off seen in the magnitude-
limited detection rate plots. Changing the cut-off from 2.5σ to
3.0σ increases the cut-off redshift drastically, though it does not
change the total SNe counts by much and it has little effect over
the redshift value corresponding to the maximum detection rate as
has also been pointed out by Lien & Fields (2009). Setting a cut-off
in the absolute magnitude distribution at 2.5σ gives a good, yet
conservative, estimate for the detection rate.

The sharp cut-off seen in the case of Type Ia SNe (Fig. 5; g′

band) is due to the UV blanketing effect that cuts off the spec-
tral energy distribution at z � λ/4000. It makes the K-correction
very high for z � λ/4000 (see Fig. A1; g′-band SN-Ia), making
m̃Ia(z � λ/4000)  mlim,g′ . As a result we get a sharp cut-off at a
comparatively lower redshift in the g′ band for Type Ia SNe.

Ground-based observing facilities are sometimes affected by lo-
cal weather and the ILMT site is not an exception. The wet and
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Table 2. SN detection rates with the ILMT. 1N, 3N, and 6N indicate the
number of SNe for the limiting magnitudes of single, and co-added images
of three and six nights, respectively. Total number of SNe (Columns 6, 7,
and 8) are the redshift-integrated events in a year (only 160 photometric
nights of the site and an average 8 h of observing time each night have been
accounted for).

SN Filter SNe (deg−2 yr−1) Total SNe in a year
type 1N 3N 6N 1N 3N 6N

Ia g′ 63 89 115 1299 1835 2371
r′ 155 274 426 3196 5649 8783
i′ 28 71 174 577 1464 3588

CC g′ 50 97 177 1031 2000 3649
r′ 20 43 87 412 887 1794
i′ 3 8 19 62 165 392

humid conditions during the Monsoon season necessitate the closure
of all observing facilities situated at the site from June to Septem-
ber every year. Therefore, ILMT observations will also be closed
during that period (i.e. 4 months). Previous observing experiences
suggest that, in general, the Devasthal site has ∼210 clear nights
in a year, among that ∼160 nights are of photometric quality (see
Sagar et al. 2000). Taking into account the site photometric nights
and the area covered by the ILMT each night, we have estimated
total number of possible SNe to be detected with this facility. These
numbers are listed in Table 2 (see also Table B1). It is obvious that
the above-estimated SNe numbers will reasonably vary during real
observations if we also consider the night limitations and technical
difficulties/maintenance of the instruments. The uncertainties in the
above estimates are therefore not discussed further.

4.1 Detection of supernova candidates

The ILMT pointing is fixed towards the best seeing and atmospheric
transparency position (i.e. at zenith). This allows one to obtain
images with optimal quality. During each clear night, the same strip
of sky will be scanned by the telescope. To detect SNe, previous
night images or a good reference image will be subtracted from the
search night images. We plan to perform automated real-time data
reduction pipeline based on the Optimal Image Subtraction (OIS)
technique (Alard & Lupton 1998; Alard 2000).

In order to detect SNe and classify their type, utmost care is
needed. Miscellaneous astrophysical and/or non-astrophysical con-
taminating sources such as variable stars, quasars, active galaxies,
asteroids, cosmic rays, etc. may appear on the acquired images.
These unwanted sources must be removed accurately to avoid false
detection. Various catalogues for different types of variable sources
can be used to cross-match newly discovered transient candidates.
Some catalogues are: VERONCAT5 (Véron-Cetty & Véron 2010)
for quasars and AGN, Minor Planet Checker6 for planets & comets,
and SIMBAD7 (Wenger et al. 2000) for variable stars. Following
the detection of a possible SN candidate, information will be com-
municated to the astronomical community (e.g. through ATEL and
CBET), and also it will be available on the ILMT webpage.

The appearance of emission lines in the spectra is mandatory for
classification and confirmation of a SN. The spectrum is also useful

5 https://heasarc.gsfc.nasa.gov/w3browse/all/veroncat.html
6 http://www.minorplanetcenter.net
7 http://simbad.u-strasbg.fr/simbad/

to estimate the redshift and age (time after explosion) of SNe. How-
ever, distant SNe may be too faint for spectroscopy. Moreover, the
follow-up spectroscopy will be a virtually impossible approach con-
sidering the large amount of transients detected in surveys. There-
fore, new techniques have been developed attributing to SNe pho-
tometric classification. These are primarily based on some form of
light-curve fitting models e.g. MLCS/MLCS2k28 (Riess, Press &
Kirshner 1995; Jha, Riess & Kirshner 2007) and SALT/SALT29

(Guy et al. 2005, 2007). The observed data points are fitted to the
templates and the most likelihood type is determined (see e.g. Poz-
nanski et al. 2002; Gal-Yam et al. 2004; Johnson & Crotts 2006;
Sullivan et al. 2006; Kuznetsova & Connolly 2007; Kunz, Bassett &
Hlozek 2007; Poznanski, Maoz & Gal-Yam 2007; Rodney & Tonry
2009; Falck, Riess & Hlozek 2010; Gong, Cooray & Chen 2010;
Sako et al. 2011). The above cited models along with colour cuts
and colour evolution based techniques (e.g. Dahlen & Goobar 2002;
Johnson & Crotts 2006) can be applied for the type determination
of the ILMT discovered SNe.

A quick and dense monitoring (particularly, during the phase just
after the explosion to a few weeks after the explosion) of SNe will
help in the type identification more accurately. Furthermore, at the
moment of shock break-out, some SNe are expected to emit a short
burst of high energy radiation (Nakar & Sari 2010). Thereafter, the
shock break-out cooling may create an early peak in the optical
passband (Piro & Nakar 2013). The early phase observations are
therefore crucial to constrain the progenitor system (Bersten et al.
2012; Taddia et al. 2015). Here we emphasize that the ILMT will
work in the continuous data acquisition mode. Accordingly, while it
will contribute with data on each night basis, nonetheless it will not
be possible to observe again a particular sky patch on the same night
once it has passed over the ILMT FOV. Additionally, due to the lim-
itation of the ILMT filter system it will be difficult to obtain precise
colour and light-curve information of SN candidates. Therefore,
complementary observations with conventional glass mirror tele-
scopes will be very useful. Thanks to the ARIES observing facilities
which host three modern glass telescopes with different apertures
(the 1.04-m Sampurnanad Telescope (ST), the 1.3-m DFOT, and
3.6-m DOT). Depending on the brightness and peculiarity of the
newly discovered objects, these telescopes along with other exist-
ing observing facilities in India and worldwide can be triggered for
follow-up observations. A detailed follow-up scheme is presented
in Kumar et al. (2018).

It is important to mention that along with the SN studies, the
ILMT has other scientific interests also. That includes surveys for
multiply imaged quasars, determination of trigonometric parallaxes
of faint nearby objects, detection of high stellar proper motions, and
short- to long-term photometric variability studies of stellar objects
(Surdej et al. 2006, 2018). Therefore, a reasonable balance between
different filters is a must. The i′ filter can be placed around the
bright moon phases and during the remaining nights a combination
of g′, r′, and i′ filters can be placed alternatively. Such an observing
strategy may equally be useful for SN candidate detection and other
science cases as well.

5 SU M M A RY A N D C O N C L U S I O N S

The redshift-integrated SN rate may turn out to be very large (�5
– 15 events s−1; Madau, della Valle & Panagia 1998). Considering

8 Multicolour light-curve shape
9 Spectral adaptive light-curve template.
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their random occurrence in the Universe, it is not feasible to detect
and observe each event. Monitoring all of them is also almost impos-
sible as it will require a significant amount of telescope time. On the
other hand, a regular imaging of a same strip of sky with the ILMT
will be advantageous to apply the image subtraction technique for
detecting transients such as SNe. Moreover, once a SN is detected
in the ILMT images, it will by default provide dense sampled (suc-
cessive night) light curves in different filters. The single-scan ILMT
limiting magnitudes are ∼22.8, ∼22.3, and ∼21.4 mag in g′, r′, and
i′ filters, respectively, and can be increased if we co-add the images
taken on different nights. In this way, the ILMT survey should play
an important role in SNe detection up to reasonably fainter limits
with a precise and unbiased imaging of a strip of sky at a declina-
tion equal to the latitude of Devasthal. We are expecting to detect
hundreds of Type Ia as well as core-collapse SNe up to intermediate
redshifts, thanks to the ILMT survey (cf. Table 2). The multi-band
and well-sampled observations should enable the photometric type
determination (by template fitting, colour information) of SNe more
accurately. The expected large SNe samples yielded from the ILMT
may also increase the representative objects of each type with better
statistics. Furthermore, the ILMT will provide an untargeted search
with plentiful of anonymous galaxies in each night images, which
may allow us to construct a SN sample without host-galaxy biases
in a given limited patch of sky.

The observational properties and theoretical modelling indicate
that SN light curves are mainly powered by a combination of two
energy sources, i.e. shock-generated energy deposition and radioac-
tive decay 56Ni → 56Co → 56Fe, synthesized in the explosion (see
Hoyle & Fowler 1960; Colgate & McKee 1969; Arnett 1982). In
some of the SNe, circumstellar interactions (Renzini 1978; Chugai
1991; Chevalier & Fransson 1994) and rapidly rotating magne-
tars (Kasen & Bildsten 2010; Woosley 2010; Dessart et al. 2012)
can also supply energy. The light curves of different types of SNe
exhibited diverse characteristics, e.g. Type II SNe: (Arcavi et al.
2012; Anderson et al. 2014; Sanders et al. 2015), stripped enve-
lope SNe:10 (Drout et al. 2011; Bianco et al. 2014; Taddia et al.
2015; Lyman et al. 2016; Prentice et al. 2016); and Type Ia SNe
(Hayden et al. 2010; Ashall et al. 2016; Hoeflich et al. 2017, and
references therein). The high-quality light curves can provide an
opportunity to robustly determine various parameters and empiri-
cal relations including the ‘rise time’, the light-curve decline rate
parameter (�m15; Phillips 1993), and the colour evolution, etc. of
different types of SNe. This will also allow us to use theoretical
models for a robust determination of the explosion parameters (e.g.
the 56Ni mass synthesized, the ejected mass and explosion energy).
That will in turn shed some light on the explosion mechanisms of
different SNe and evolutionary stages of their progenitors.

It is noteworthy that the spectra of SNe provide crucial informa-
tion about the composition and distribution of elements in the ejecta.
Therefore, the spectroscopic monitoring of peculiar events will also
be very valuable. In this context, a guaranteed-time allocation strat-
egy on 3.6-m DOT to follow-up newly discovered objects will fulfil
our needs. Because of the tight link between SNe and star formation,
the ILMT with complementary observations and along with other
sky surveys [e.g. Large Synoptic Survey Telescope (LSST), ZTF,
etc.] may provide better measurements of the moderate redshift his-
tory of the cosmic star-formation rate. New SNe discoveries and

10 In these events, the outer envelopes of hydrogen and/or helium of their
progenitors are partially or completely removed before the explosion (e.g.
Type IIb, Ib, Ic, and Ic-BL).

precise investigation of their light curves could improve our knowl-
edge on a variety of problems including cosmology and SN physics.
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APPENDI X A : K- C O R R E C T I O N

The K-correction term accounts for the conversion from an ob-
served magnitude to that which would be observed in the rest frame
in another passband (Humason, Mayall & Sandage 1956; Oke &
Sandage 1968). Fig. A1 represents K-corrections for different SNe
that have been applied to calculate ILMT SNe rate for the g′, r′, and
i′ filters.

Figure A1. K-correction plots for the different types of SNe (Ia, Ibc, IIL, IIP, and IIn) in g′, r′, and i′ bands.
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APPENDIX B: PREDICTED SN WITH THE
ILMT

In Table B1, the predicted SN rate (for Ia and CC) estimated for
�z = 0.2 bins are listed.

Table B1. Predicted Type Ia and CCSNe (deg−2 yr−1) in �z = 0.2 bins.
1N, 3N, and 6N indicate the number of SNe for the limiting magnitudes of
single, and co-added images of three and six nights, respectively.

Redshift Filter Ia SNe CCSNe
(z) 1N 3N 6N 1N 3N 6N

0.2 29 30 30 8 10 10
0.4 63 89 115 31 44 57
0.6 63 89 115 45 75 111
0.8 g′ 63 89 115 50 91 150
1.0 63 89 115 50 96 169
1.2 63 89 115 50 97 176
1.4 63 89 115 50 97 177

0.2 29 30 30 06 08 09
0.4 133 199 243 16 29 44
0.6 155 274 424 20 39 71
0.8 r′ 155 274 426 20 42 82
1.0 155 274 426 20 43 86
1.2 155 274 426 20 43 87
1.4 155 274 426 20 43 87

0.2 17 24 28 02 04 05
0.4 28 63 122 03 07 14
0.6 28 71 165 03 08 18
0.8 i′ 28 71 174 03 08 19
1.0 28 71 174 03 08 19
1.2 28 71 174 03 08 19
1.4 28 71 174 03 08 19
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